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The invention provides phospholipid coated 
particle* capable of specifically binding 
5 antiphoepholipid antibodies and a method for preparing 
such particles. Mathods are also provided for 
determining antiphospholipld antibodies in a serum or 
plasma. Also provided are methods for isolatlrvg 
antiphoepholipid antibodies from a fluid and for raising 
10 specific antiphospholipld antibodies. 
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This invention relates to «athode for detecting 
•nd aeasuring antlbodi*-; to phospholipid* . 

fl.rVnrotind 

Antibodlaa to phospholipids have been 
lapllcatad in • variety of dleaaaes or clinical 
condition, including artarlal and vanou. tnroaboeis. 
racurrant fatal loaa. thrombocytopenia, pulaonary 
eaboliea, coronary throabosla. carabral throaboaia. 
livado raticularia and HIV lnfaction. 

It la tharafora important to hava a convanlant 
and raproduclbla clinical aethod for detecting and 
aeaaurlng antiphoaphollpld antibodlaa in aaaplaa froa 
patiants. 

A variety of phoaphollpids can give rise to 
antlbodiaa in huaane and antlbodiaa epacific to 
cardiolipln. phosphatldyllnositol. phosphscidylserine and 
phosphatidylethanolaalne. for exanple. hava been found. 

25 Mot all of these antibodlaa are necaaaarily 

present in every disease associated with anti- 
phoaphollpld antlbodiaa. It ia therefore deairabla to be 
able to determine easily antibodies to varioua apecific 
phospholipids . 

so 

rurthenore, antibodlaa to a particular 
phoapholipid may be laC. IgK or IgA typa Immunoglobulins 
and not all type. s*y be preaent in all condition*; for 
exaaple, XgA antlbodiaa hava been linked to adrenal 
33 insufficiency (Al-Mo.en et al., <19»1>. Thxomb. Rea.. Vol 
64, p. 571) and high levels of IgO antiphoaphollpld 
antlbodiaa hava bean noted in ayetaalc lupua 
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«ryth«»4to>us (Quasar, T. 
Rheum, Vol 33, p. 301). 



• t al., (1990), Arthritis 



It Is therefore desirable to hm able to 
distinguish antibodies of several immunoglobulin cl 



Presently available commercial mat node for 
determining antiphospholipld antibodies art based on 
enzyme- linked immunosorbent assays (ELISA) . Commercially 
10 available kits uss cardlolipin as substrata and therefore 
datsct only anti-cardlolipin antibodies. 
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Radioimmunoassays havs also been used to 
measure anti-phosphollpid antibodies but these have all 
the drawbacks associated with the uss of radioactive 
materials. 



A flow cytometric assay has also been reported 
for determining anti-cardlolipin antibodies (Pirruccello 

20 et al; (1990), J. Clin. Lab. Anal., vol. 4, p. -*36) . 
This assay utilises liposomes as carriers of the 
phospholipids. The difficulty of controlling liposome 
size makes standardization of the liposomes a problem. 
In addition, liposomes are generally composed of more 

2 5 than one phospholipid to lend stability to the) liposome. 
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The methods presently available for 
determination of antiphosphollpid antibodies arm limited 
in their flexibility and convenience, particularly when 
ons considers the increasing clinical need for 
determination of antibodies of different Immunoglobulin 
classes and specific to particular phospholipids. 
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^1I**VY InvntlQD 

In accordanca with on« aspect of the invention, 
a Mthod la provided for determining antiphoapholipid 
5 antibodiaa In a fluid coaprleing the atapa of: 

(a> providing phoaphblipid coated partlclaa 

coated with at leaat ona phoapholipid for 
which antibodiaa ar« to ba determined; 
(b) contacting tha fluid with tha coatad 
0 partlclaa to permit binding of tha 

antibodiaa to tha partlclaa; and 
<c) determining tha antiphoapholipid 

antibodiaa bound to tha partlclaa* 



In accordanca with a further a .pact of tha 
invention, a method la providad for iaolating fro. a 
fluid antibodiaa to a pl.oapholipld tha mathod comprising: 
(a) contacting tha fluid with phoapholipid 

coatad partlclaa wharain tha phoapholipid 
la that for which antibodloa art to ba 
isolated, to permit binding of tha 
antibodiaa to tha partlclaa; 
<b) aaparating tha partlclaa from tha reeiduai 
aolution; 

(c) recovering tha anti-phosphol ipid 
antibodiaa from tha part idea. 



In accordanca with a further aspect of the 
invention, a method la provided for producing 
30 antiphoapholipid antibodiaa apecific to a phoapholipid 
comprising providing particles treated with tha 
phoapholipid to permit binding of tha phoapholipid to 
partlclaa and injecting the treated particlea 
aubcutaneoualy into a auitable animal. 
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In accordance with a further aspect of the 
invention, a method is provided for preparing 
phospholipid coated particles comprising: 

(a) contacting particles with a solution of a 
5 phospholipid at an effective temperature 

to permit binding of the phospholipid to 
the particles; and 

(b) contacting the particles with a blocking 
agent at an effective temperature to 

10 permit blocking of non-specific binding 

sites on the particles* 

In accordance with a further aspect of the 
invention, particles are provided whirh are coated with 
15 at least on* phospholipid, the coated particles b*ing 

able to bind specifically antibodies to the at least one 
phospholipid. 

summary of Drawlnoa 

20 

The invention, as exemplified by preferred 
embodiments, is described with reference to the drawings 

In which: 

Figure 1 shows: (a) the time course of 
25 antibody binding and (b) the effect of temperature on 
non-specific binding. 

Figure 2 la a scatter histogram showing bead 
size discrimination by flow cytometry. 

Figure 3 is a standard curve in API* units. 
30 Figure 4 is a standard curve in GPL units. 

Figure 5 shows normal ranges of 
antiphospholipid antibodies in human serum, determined by 
the method of the invention. 

Figure 6 shows antiphospholipid antibody levels 
35 in seven patients. 
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Mgure 7 show. a co.pariaon of .eru. 
.ntlc.rdlollpln antibody l.v.i. d.t.rmlned by CLISA .nd 
by th. ..thod of th. Invention. 

s n ft «-«ii*rf c rnrr'P 1 - 10 " of rn " Tnvnntlon 

ln.eeerd.nc. with • Clr.t ..bodi.ent. the 
.ubj.ct Invntlon provide, nov.l phospholipid coated 
p.rticl.. which .how .pacific binding of .ntlpho.phollpid 

10 .r-.ibodl... .r. ...lly pr.p.r.d. .t.bl. .nd c.n be 

conv.nl.ntly ..nipul.t.d .nd ..ploy.d In . v.rl.ty of 
..thod. for d.t.rmlnlng antlphosphollpld antloodles. Th. 
v.r..tlllty of thu pho.pholl P ld co.t.d p.rticl.. of th. 
Invntlon provld.. ...ay> which c.n conv.nl.ntly Id.ntlfy 

15 .ntlpho-phollpid .ntlbodl.. of dlff.r.nt cl...~ 

dlff.r.nt pho.phollpid .p.clfltl... and provld.. for 
quantitation of th... .ntlbodl.., by ..thod. which are 
r.produclbl. .nd .en.lt iv .nd .ultabl. for clinical 
diagnostic purpose.. 

I„ .ccordanc. with • furth.r ..bodl—nt of th. 
invntlon. • ..thod 1. provld.d for pr.paring euch 
pho.phollpid coat.d partlcl... for .xa.pl. .icro.ph.r.. 
or bead.. 

Th. Invntor. have found that poly.tyr.n. 
■icro.ph.r.. or bead, c.n un.xp.ct.dly be coat.d with . 
phospholipid by r.lativ.ly q.ntl. technique.. Although 
.icro.ph.r.. coated with prot.ln. h.v pr.vlou.ly be.n 
30 described, th. hydrophobic natur. of pho.phollpid. make. 
It difficult for th... to .tick to th. charqed 
microsphere surface. 

In accordance with a preferred embodiment , 
35 polyatyr.n. .Icro.ph.r.. ar. tr.at.d with a solution of 
th. d..lr.d phospholipid in ethanol in the dark for at 
lea.t about tw.lv. hour, at an effective te.p.ratur.. to 
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permit binding of the phospholipid. In an especially 
preferred embodiment, phospholipid trutMnt la carried 
out At a temperature in the rangt of about 0* to About 
4V Am will be *ppr«clittd by those skilled in the irt # 
5 the microspheres can be coated with phospholipid at 

higher temperatures but as the trot»«nt temperature is 
raised above about 4*C, there im increasing damage to 
phospholipid •oltcultA so that whan the coated 
microspheres art used for assay of ant lphoaphol ipid 
10 antibodies, as will be described , lass than optimal 
result* are obtalnod; for example, coating of the 
microspheres with phospholipid at 22*C producas broad 
peaks on flow cytometry and reduces specificity and 
sansltivity of the assay. 

IS 

After traataent with phospholipid, tha 
microspheres can be aoployed to ralat specific antl- 
phospholipid antibodies as will be described. The 
microspheres can also be stored at this stage, as 
20 described in Example l. 

When tha microspheres are to be employed for 
determination of ant Iphosphol ipid antibodies or for 
isolation of antibodies, they are treated with a blocking 

25 agent to reduce non-specific binding of immunoglobulins 
and other potentially interfering proteins. In 
accordance with a preferred embodiment, the microspheres 
are treated with 10% fetal calf serum as blocking agent 
for about IS to about 60 minutes at a temperature in the 

30 range of about 4*C to about 37»C. It is especially 
preferred to carry out blocking at about 37 »c as this 
gives the lowest levels of non-specific binding when the 
microspheres are used to determine antiphosphoiipid 
antibodies. Blocking at lower temperatures tsnds to 

35 increase the lavel of non-specific binding to the 
microspheres in the assay. 
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Th. pho.phollpld coated .icro.ph.re. «• 
g.n.r.lly cool.d .ft.r blocXlno tr..t..nt to a 
r..p.ratur. of .bout o«C to .bout 4-C. .inc. tht. »» th. 
*..£r.tur. rang, .t vnlch th.y .r. optlMUy .tore, or 
..ploy.d in th. .ntlpho.phollpld antibody —.y. 

tt 1. b.ll.ved th.t th. Incubation of th. 
pho.phollpld tr-.tod bead, with th. 

.Lv.t.d t..por.tur. r.nd.r. th. pho.ph ol PW - ~*>"* 
.bout th. .urf.c. of th. b..d. r..ultln, In 
e^o.ur. of th. b..d .urf.c. .it.. r..pon.lb • tor non- 
specific blndln, of prot.in.. Th. r.pld coollno ..y 
r .nd.r th. pho.phollpld i... -obil. .bout th. ' J"**' 
• ff.ctlv.ly locJcino th. pho.phollpld .ol.cule. in plec. 
with th. ..lority of th. non.p.clflc binding .Ite. 
blocked. 

in this .p.cific.tlon. th. t.r». • co.t.d 
p.rtlcl..'. 'pho.phollpld co.t.d p.rticl..'. 'co.t.d 
.Icro.ph.r.. or bead.' .nd th. ll)c. -r. u..d to 
p.rticl... .lcro.ph.re. or bead, co.t.d with pho.phollpld 
.nd treated with blocking agent. Wh.r. particle. . 
.Icro.ph.re. or bead, with bound pho.phollpld but without 
blocking tr.at.ent .r. r.f.rr.d to. thl. 1. .p.cif ic.lly 
Indicated. 

Poly.tyren. microsphere, .r. obtainabl. In a 
variety of .ire. and .r. preferred for preparation of th. 
pho.phollpld co.t.d particle, of th. invention. Other 
.uitabi. -olid particulat. .upport. will b. known to 
tho.. .kill.d m th. .rt .nd includ. partial- °< 
.uit.bl. .hap. co»po..d of . ..t.ri.l cap.bl. of holding 
• charge .uch a. polypropylene, poly.thyl.n., 
.crylonitrll.. polycarbonate or nitrocllulo.. or 
-gn.tic be.d.. Th. .h. P . of th. p.rtlcl. -hould be 
co.p.tibl. with th. n..d. of th. -thod ulti.at.ly 
-ployed to d.t.r»in. antipho.pholipid antibodi.. one. 
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these irt bound to the phospholipid co«t«d particle, for 
example. If flow cytometry Is to be •■ployed, ths 
particles should be generally spherical. Tha sis* of 
particle employed should slso bm suitable for the» 
* detection method to be eaployed. for «x«apU, 

microspheres of disaster from about O.S >im to about 10 urn 
ars sultabla for flow cytometry whereas larger or smaller 
partlclaa say be required for other assay techniques 
• »g., around 0.06 jim diameter for 'latex enhanced laser 
10 nepheiometry or around 15 m for latex bead 
agglutination. 

Adult bovine sarua has also been found to be 
suitable as blocking agent for work with ant iphoaphol ipid 

15 antibodies, as described by Karris at al. (Clin. Exp. 

Immunol. (1987), vol. 68, p. 3X5) whersaa certain other 
protslns ars unsuitable. A suitable blocking agent 
should provide low levels of non-specific binding when 
the microspheres are used for antiphosphoi ipid antibody 

20 assay. 

One of the advantages of using microspheres 
such as polystyrene microspheres as particulate suppor j 
to prepare phospholipid coated particles is their 
25 availability in a variety of sizes. 

In accordance with a further embodiment of the 
invention, microspheres of different sizes are sslocted 
and each aize of microspheres is coated with a different 
30 phospholipid, followed by treataent with blocking 
protein, as described in Example 1. 

The coatad microspheres aay bs easily 
distinguished by virtus of thslr size diffsrsncss, 
35 allowing for rapid differentiation of antibodies to 

different phospholipids, *s will be described. As will 
be undorstood by thoss skilled in the art, microspheres 
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of a single tlx* may be coated with a mixture of 
phoaphol lpltle but this will provide for assay of total 
ant iphoaphol lpid antio^U: cr.ly and not for any 
dif f arantiAtlon. 
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The phoaphol lpid coatad microspheres of tha 
lnvantlon provlda a convenient antigen-presenting davica 
which nay b«» aaployad along with a variaty of dataction 
procedures to datact and to determine antiphoaphollpid 
antibodies* 



In accordanca with a furthar prafarrad 
embodiment of tha invention, a method ia provided for 
detecting and measuring ant Iphoaphol lpid antibodies in a 

15 fluid such as human eerum or plasma. Serum or plaaaa is 
incubated with tha phospholipid coatad mlcrospherea of 
the invention at an effective temperature to allow 
binding of the antiphoaphollpid antibodies. The 
microspheres are then contacted with a aecondary antibody 

20 directed againat human immunoglobulins, this aocondary 
antibody bearing a suitable detectable label, whereby 
detection and quantitation of the label permits detection 
and quantitation of the bound antiphoaphollpid 
antibodies. 

25 

Incubation of sera with phospholipid coatad 
microspheres of the Invention at various temperaturea 
showed that as the temperature of incubation is 
increased, non-specific binding of the secondary antibody 

30 (?) alao is increased, as aeen in Figure 1 , panel B. In 

accordance with a preferred embodiment, the incubation is 
carried out at a temperature in the range of about 0*C to 
about 22 *C. An especially preferred range is about 0*C 
to about 4*C, in vhich range the non-specific binding is 

35 at a minimum. 

At 0*C, the binding reaction approaches 
saturation at about 30 minutes, as aeen in figure l. 
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panel X. Saturation la raachad more quickly at higher 
temperatures. 

Tha preferred pH range for binding of serum 
5 antlphoaphoi Ipld antlbodlaa to tha phospholipid coatad 
beada of tha invantion ia about pH 6 . t to about. pH 7.8. 
A pH range of about 7.2 to about 7.4 ia eepecially 
prafarrad. 

10 Ictarlc and haamolyaad aerum eaaplee may ba 

aaaayad by tha method or tha invantion without probleas. 

Aa will ba undoratood by thoaa skilled in tha 
art, a variaty of tochnlquoa nay ba uaad in tha 
15 determination of tha aacondary laballad antibody, 

including flow cytoraatry, latex baad agglutination, 
fluoraacanca microscopy, latex baad enhanced laaar 
nephelometry and immuno-dot blotting. 

20 in accordanca with a profarrad embodiment of 

tha invantion, a vapid acraaning method, ia providad for 
dataction of antlphoaphoi ipld antlbodlaa in huaan serum. 

Separata portions of microspheres ara each 
25 coated with ona phospholipid to which antibodies ara to 
be detected. Tha microspheres coatad with different 
phospholipids are mixed and incubated with serum aa 
described in Example 3 . 

30 x polyvalent secondary antibody reacting with 

XgG, IgH and ZgA and bearing a auitabla label, e.g., 
FITC, is added in excess, without separation of tha 
microspheres from the serum. The mixture is incubated 
for 30 minutes at room temperature in tha dark then 

35 diluted 30-fold with saline and analysed directly in a 
flow eytometer, without aeparation of the microspheres 
from the incubation mixture. Immune complexea between 
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the immunoglobulin, of th. t.at a.ru. and th. —condary 
antibody are pr.a.nt but ar. such ss.llar than th. 
•lcro.ph.r.. and can b. excluded by .l.ctronlc gating 
during th. flow cyto.et.r analysis. «. will b. understood 
5 by thoa. skill.d In th. art. 

Th. fluor.-c.nc. .mitt.d by th. mlcroaphera. 
having bound ..condary antibody la d.t.ct.d and indicate, 
th. pr.aane. of antlpho.phol Ipld antlbodla. In th. fat 
10 serum to any or .11 of th. phospholipid, which w.r. ua.d 
to coat th. beade. If dealrad. th. amount of 
fluor.ac.nc. will provid. a ...l-quantlt.tlv ....... -nt 

of th. antlpho.phollpld antibodl.a pr.a.nt, if 
appropriate atandard curv.. ar. pr.parad. 

in accordnnc. with a further preferred 
•mbodim.nfc of th. invention, a acr.enlng m.thod ia 
provid.d for detection and identification of apectflc 
antiphospholipid antibodies in human aeru.. 

Phospholipid coated microepherea of thr*. 
six... coated respectively with phoapholno.itol. (PI) 
phoephatidylaerine (PS) and cardiollpln (ex.). »» 
described in Example l, ar. incubated with aerum as 
25 described in Example 2. The microsphere, are separated 

from the aerum and incubated with a cocktail of secondary 
antibodies containing anti-human IgG F(ab'), United to 
FXTC. anti-human IgH linked to phyco.ry thr in <PE) and 
anti-human IgA linked to biotin. Secondary antibodlea 
30 ar. titrated to be saturating and Incubation is carried 
out at room temperature in the dark for 15 to 60 minuta. 
depending on the degree of saturation. Unbound aecondary 
antibody is removed by centrif ugatlon and the 
microspheres are rc.suspend.d in saturating avldin linked 
35 to PE/Texas Red and Incubated in th. dark at room 

temperature for 15 minutes, to allow binding to the IgA - 
linked biotln. 
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The microspheres art then separated by 
centrif ugation and resuspended in an iso-osmolar salt 
solution such A3 ISOTOM II™ suitable for flow cytometry. 

5 Flow cytometric analyyio is conducted as in 

Example 2» Ths detected antiphospholipid antibodies can 
be identified as anti-PI, anti-PS and anti-CI. and 
classified as IgA, IgC or IgK. If desired, the amount of 
fluorescence will provide a semi-quantitative assessment 
10 of the antiphospholipid antibodies present, if 
appropriate standard curves ars prepared* 

As will be appreciated by thouo skilled in the 
art, this screening procedure may be carried out using 

15 Microspheres coated with ouher phospholipids, as desired. 
Furthermore, the procedure is not United to three sizes 
of microspheres, thereby providing a screen for three 
types of phospholipid. Additional sizes of microspharss 
with additional phospholipids may be employed, as 

20 permitted by the discriminatory capabilities of the flow 
cytometer used. 

It has, however, beon found convenient to use 
three sizes of microspheres of diameters as described in 
25 Example 1, as these sizes may be examined simultaneously 
within the detection limits of the flow cytometer. 

The different sizo classee of coatod beads are 
mixed in proportions such that the eurface area presented 
30 by each population to the tost a ©tun was the same. 

It has been found that when whole molecule IgC 
is usad as secondary antibody, either alone or in a 
cocktail with other antibodies, non-specific binding 
3 5 tandm to be high and interferes with the flow cytometric 
analysis. For determination of IgC antibodies, it is 
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preferred to use the F(ab')i fragment of human IgC as 
secondary antibody. 

Human serum may be screened first by tha rapid 
5 method to eliminate negatives before screening to 

identify particular antiphospholipid antibodies or may be 
screened directly with the more discriminating screening 
procedure* 

10 Other suitable detectable labels for the second 

antibodies will be known to those skilled in the? art and 
include fluorescent compounds such ae fluoresceins , 
rhodamines, erythroain, phycoerythrin, 
phycoerythr in/Texas red conjugate, Texas red and 

15 propidium iodide. Tor assays such ac immunodot blot, 
lablea such as peroxidase, alkaline phosphatase and 
ferritin may be used* 

In accordance with a further embodiment of the 
20 invention, a mechod is provided for quantitation of 
antiphospholipid antibodies in human serum. 

For optimal quantitation of antiphospholipid 
antibodies, it is preferred to use phospholipid coated 

2 5 microspheres of one size and phospholipid type and to use 

secondary antibody of one immunoglobulin class labelled 
with a convenient fluorophore such as TITC or PE in the 
method of the invention. 

3 0 Standard curves are prepared using commercially 

available antiphospholipid antibody standards Incubated 
with microspheres coated with the appropriate 
phospholipid and then reacted with known amounts of the 
appropriate immunoglobin class as secondary antibody, as 
3 5 described in Example 4. 
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Sara from patient. presenting with thrombotic 
tendencies have been analysed by the method cff the 
invention and antipho.pholipid antibodies have been 
detected in over half of then. 

The serum level, of anH-cardiolipin entibodie. 
have been determined in . .. r i.. or thromhotlc patl#nt . 
both by an ELXSA technique and by the method of the 
invention. A. seen in Figure 7, the method of the 
invention provide, comparable s.n.itivity to presently 
available ELISA technique.. 

The assay method, have been describe.-! with 
reference to serum but it will be understood by those 
•killed in the art that plasma may be similarly as.ay.d. 

In accordance with a further embodiment of the 
invention, a convenient and rapid method, is provided for 
isolating antipho.pholipid antibodies. 



A solution containing antipho.pholipid 
antibodies to be isolated 1. mixed with microsphere, 
coated with the appropriate phospholipid or phospholipid, 
and blocked a. in Example 1, and the mixture i. .tirr.d 
25 at about O'C for one hour. The beads are pelleted by 

centrifugation and washed twice with O.oi M Tris, 0.14 M 
Naci ( P H 7.35) containing 10% v/v fetal calf serum. The 
bead, are wa.hed once with 0.01 M Tri., o. 14 M Naci (p H 
7.35) and centrifug-d to a pellet. The bound antibodies 
are eluted with a chaotropic .alt such a. KI, XSON or Hal 
(1 M) with incubation at room temperature for 1 hour 
The phospholipid beads are then removed by centrifugation 
and the eluted antibodies subjected to fu.ther 
purification on a Protein A column or hydrazine column 
composed of antibodies to the desired immunoglobulin 
subclass. 
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in accordance with a furthar anbodiaant of tha 
invantion, a »athod i. provided for rai.in* antibodia. to 
"• phospholipid* 

Various immunisation sch.a.. hav. ba.n .nploy.d 
to raiaa antibodias to phospholipid, but th..a h.v. 
ganarally yialdad non-apacif ic antibodias. 

Tha phospholipid coatad aicroaphara. of tha 
invantion pr.a.nt phospholipid antigana in such a way 
that thay can bind to th.ir .pacific anfclbodiaa. 
Administration of thasa phospholipid .icro.ph.r.s to an 
animal, for axaapla by subcutanaous injection, 
conv.ni.ntly pr.-ant. th. aniaal's iaaun. sy.t.a with a 
phospholipid antigan against which .p.cif ic antibodia. 
ara allcitad. Tha coatad aicrosphara. praaant a larga 
aurfaca araa displaying antigan and adapt.d to alicit a 
9 ood immunological rasponsa. Th. alcro.phara. ara coatad 
with phospholipid as in Exampl. 1 but ar. not traat.d 
20 with blocking agant. 

in accordance with a furthar embodiment, kits 
for determining antlpho.pholipld antibodia. ar. provid.d 
comprising phospholipid coatad particla. and on. or .or. 
25 laballad raagant. capable of binding to tha 
antiphoapholipid antibodies. 

Tha following examples ara givan for tha 
purposa of illustrating tha invantion and tha prasant 
3 0 invantion is not limited tharato. 

w»f»rl*l« 

Tha following materials wara purchaaad from 
35 Sigma Cheaical. (St. Louis. Mo): pho.phatldylino.itol, 
phosphatldyls.rine. cardlollpln, goat antl-huaan igc 
r(ab»), linkad to f luor.sc.lnl.othyocyanate (TITO. trl. 
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(hydroxyaethyl) aethylaaine, sodiua chloride. Heat 
inactivated fetal calf serua was purchased from Cisco 
(Burlington, Ont.). Avidin linked to PE/Texas Red va. 
purchased froa Southern Biotechnology (Biralnghaa, 
Alabaaa) . Polystyrene aicrospheres (beads) were 
purchased froa PolySciences (Warrington, PA) . Absolute 
ethanol was produced by triple distillation of stock 
ethanol purchased froa BDH (Edaonton, Alta) . Chlorofora 
and aethanol were purchased froa BDH (Edaonton, Alta) . 
Isoton U was purchased froa Coulter Electronic* 
(Hialeah, FL) . Flow cytoaetric analysis was perf oraed on 
a FACScan froa Becton Dickinson (Mounts inv lev, CA) . 
Anti-phospholipid antibody standards were purchased froa 
Antiphoapholipid Antibody Associates (Louisville, XY) - 



Exainplw 



Cardiolipin (CL) was supplied as a 5 mg/al, 
solution in ethanol and used without further 
aodification. Phosphatidylinositol (PI) was initially 
dissolved in chlorofora: aethanol (99:1) then further 
diluted in absolute ethanol to produce a stock solution 
or 10 ag/at^ Phosphatidyl serine (PS) was initially 
dieeolved in chlorofora: aethanol (95:1) then further- 
diluted in absolute ethanol to produce a stock solution 
of 25ao/aL. All solutions ware stored in the dark at 



4»C. 



Polystyrene microspheres (beads) of defined 
size vsre supplied by the aanufacturer in sterile 
distilled water. Prior to coating with phospholipid, the 
beads were washed several tiaes with distilled water 
followed by several washes in absolute ethanol. Washing 
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vas accomplished by centrifugation. All ethanol washes 
and subsequent manipulation of beads should be carried 
out in glass vessels using glass transfer implements. 



3 muting proe»dur« 

Xfter washing, beads vara rasuspandad to a 
final volume of 1 nL in absolute athanol. 



10 



Beads of three different aires vere coated with 
three different phospholipids; beads of average diameter 
5.8 urn (± o.lpm) were coated with CI., beads of 2.9 m» 
<± 0.1MO) with PS and beads of 1.6 Jim (± 0.1m*) with PI. 

1S T he polystyrene bead number was adjusted so 

that the surface area presented by each size of bead to 
be coated was the sane. In a li)ce manner, the 
phospholipid concentrations were adjusted to provide 
approximately similar amounts by weight per unit area of 

SO bead. Table 1 shows an example of suitable coating 
parameters. 
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The volume* of phospholipid indicated in Table 
1 (relative phospholipid concentration* aleo given in 
Table 1) were added to the bead suspension* and Mixed by 
aspiration* The bead suspensions were sealed and 
5 incubated overnight at 4 »C in the dark. 

The phospholipid coated beads were then treated 
with a blocking agent to reduce non-specific binding of 
immunoglobulins and other potentially interfering 

10 proteins. Phospholipid coated beads in ethanol were 

allowed to come to room temperature and were washed by 
nixing gently by aspiration with an equal volume of 
Tris/HaCl buffer (0.01M Tris, 0.14M HaCl, pH 7.2) , 
followed by centrifugation. After a further two washes 

15 with buffer, the bo ads were resuspended in "blocking 
solution- (500 mM, i-«- i« v / v *«*al calf MruB in 
0.01M Tris, 0.14 NaCI, pH 7.2, and incubated at 37» C for 
30 minutes followed by rapid cooling at 0»C- 

20 Once the phospholipid-coated beads have been 

blocked, it is no longer necessary to use glass transfer 
Implements and. glass vessels. Reactions are conveniently 
carried out in 1.5 mL polypropylene microfuge tubes. 

25 The un-blocked phospholipid coated beads may be 

stored for later use before treatment with the blocking 
agent. Various storage conditions were examined, using 
cardiolipin coated beads, and some examples of suitable 
etorage conditions are shown in Table 2. 
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^pxr.g CQHPITIOH3 fiTQRAGE TIKS ftTTOf BEW RVH CV 

5 4»C, in * months 7% (N - 10) 

Phospholipid/ 
EtOH Solution* in 
DarX 

10 -20 # C, freeze 4 months 

dried , in dark 

-20»C, in glycerol, 2 months 

in darX 

13 

Beads of three sizes were coated with CL, PS 
and PI as described in Example 1 and nixed in tha 
20 proportions 1 part 1.6 m» beads: 2 parts 2.9 beads : 
4 parts 5.3 m« beads, based on the number of particles 
coated for each bead size as in Table 1. The bead 
mixture was suspended in blocking solution. 

25 For assay, 5 jiL oC serum to be analysed was 

mixed with 49 5 /it* bead mixture suspension and incubation 
was carried out at 0« for 60 minutes. Unbound 
immunoglobulins and other contaminating proteins were 
removed from the beads by centrif ugation and the beads 

3 0 were resuspended in a secondary antibody mixture 

containing goat anti-human IgG-FlTC F(ab')i* goat anti- 
human IgM-PE and goat anti-human IgA-blotin. Saturating 
concentrations of antibodies were used, as determined by 
titration. After a 30 minute incubation at room 

3 5 temperature, the beads were separated from unbound 
antibodies by centrif ugation and resuspended in 
saturating concentrations of avidin linXed to PE/Texas 



10% (H - 10) 
15% (M - 7) 



ifilii 
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red, with incubation at room temperature in tha dark for 
13 minutes. Beads were again separated by centrif ugation 
and reauspended in balanced salt aolution # ISOTOM 11™ 
(Coulter Electronics) . 

5 

Resuspension volume a of 0.3* to 1.0 ml* were 
employed for use with a FACScan flow cytometer for 
analysis. The resuspended beads were transferred to 
12 x 73 ma polystyrene tubes and analyzed by standard 

10 flow cytometric methods. The flow cytometer was capabls 
of measuring five (3) separate parameters on each 
particle examined. Forward scatter 180» relative to ths 
incident laser light (48* nm) , indicated ths size of the 
particle. Side scatter, 90* relative to th« incident 

15 laser, indicated internal complexity of the particle. In 
addition three different fluorescence parameter* , based 
on emission spectra (poat excitation with 488 nm laser), 
vere analyzed. Spectral overlap by ths three available 
fluorescent tags (FITC, PE, PE/Texas Red) was compensated 

20 for electronically as outlined by the manufacturer. All 
data was stored to disk in list-mode. Subsequently, the 
data were analyzed for each bead eize based on 
electronically selecting (gating) each bead population 
and analyzing the fluorescence exhibited. 

25 

The machine was calibrated daily using 
fluorescent microparticles (Calibrite Beads, Becton 
Dickinson) and compensation for interchannel bleeding was 
set for three colour analysis where more than one 
DO labelled antibody was measured. 

The excellent discrimination between the three 
bead sizes coated with PI, PS and CL respectively is 
shown in rigure 1, a forward ecatter hietogram. 

35 
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Sara to be screened were diluted with bead 
mixture suspension as in Example 2 and incubated at 0*C 
5 for 60 minutes. 

A saturating concentration of goat anti-human 
polyvalent (XgA, XgM, IgC) antiserum labelled with FITC 
was added directly to the serum/bead mixture, without 
10 separation of beads from test serum and incubation was 
carried out at room temperature in the dark for 3 0 
minutes* 

A negative control and a positive control were 
15 included in each analysis as a check on run to run 
reproducibility. 

After incubation, the incubation mixture was 
diluted about 30-fold with saline and was directly 
20 analysed by flow cytometry as in Example 2» 

SxaiDPiO. A 

For quantitation of serum antibodies of a 
25 particular immunoglobulin class directed against a 

specific phospholipid, test sera were analysed by the 
procedure described in Exampls 2 employing beads of one 
size coated with the appropriate phospholipid and using 
as secondary antibody riTC or PE labelled goat anti-human 
30 antibodies against IgK or XgA, or goat anti-human XgG - 
FITC F(ab'),. 

Standard curves were prepared using 
antlphosphollpld antibody standards obtained from 
3 5 Antlphosphollpld Antibody Associates. The peak mean 

channel <"i*»orescince was plotted logarithmically against 
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th. log of th. antipho-pholipid antibody concntr.tlon 
(In GPL, MPL or Wt unit*). 

Concentration of antiphospholipid antibody va. 
S sxpr.osod as Immunoglobulin binding unit, to 

Phospholipid, abbreviate a. GPL. MPL and API. for IgG, 
IgM and IgA bound to phospholipid respectively . 

Ths immunoglobulin binding units were defined 
10 by Harris et al (Clin. Exp. Immunol., fiit 213. 198') *• 
b. th. phospholipid binding activity of 1 ng/»t> of an 
affinity purified IgG (CPU . IgM (MPL) or IgA (API.) 
preparation from a standard serum. 

15 Examples of standard curves generated are ehovn 

in figuros 3 and 4. 

fvHTiinle 5 

Serum samples were obtained from 26 healthy 
volunteers and levels of antiphospholipid antibodie. to 
PI, PS and CI. were measured a. in Example 4. Polyvalent 
secondary antibodies were employed, giving a measure of 
total IgG, IgM and IgA against each phospholipid. The 
25 results obtained are shown in Figure 5. 



20 



30 



35 



Serum samples were obtained from eight patients 
with a history of thrombotic episodes. An initial screen 
was performed by the procedure of Example 2 to determine 
ths immunoglobulin class and phospholipid specificity of 
any antiphospholipid antibodies present. Ecch type of 
antiphospholipid antibody detected by th. ecre.n wa. then 
quantitat.d as described in Example 4. Antibodies to on. 
or nor. phospholipid, w.r. found in ..v.n of th. eight 
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patients, as teen in Figure 6. The results ar« presented 
as negative, low positive, meditui positive and high 
positive as recommended by Harris at al (Clin, Exp. 
Immunol., £&: 215, 1987). Tho decree of positivity was 
based on tho number of standard deviations above th* 
normal ranges of 26 normal controls as follows: 
Negative £ 3 sd # Low Positive - between 3 and 5 sd. 
Medium Positive - between 5 and 7 sd and High 
Positive > 7 sd; as regards mean channel fluorescence. 

EXttlflPlo 1 



A comparison was made of serum anti-cardiolipin 
antibody levels determined by thr method of the invention 
15 and those obtained by the ELISA method of Loizou et al 

(Clin. Exp. Immunol., (198?) vol. 62, pp 738-745) ♦ Sera 
examined were obtained from 30 patients with thrombotic 
tendencies. 

20 After screening the sera as in Example 2 for 

the presence of anti-cardiolipin antibodies, levels of 
GPL were determined In positive sera by the procedure of 
Example 4. Binding of GPL was assessed and GPL values 
w^re determined based on the cut-off values recommended 

Z5 by Antiphosphollpid Antibody Associates. For the ELI5A 
method, the secondary antibody used was goat anti-human 
IgG linked to peroxidase. The results are shown in 
Figure 7. 

30 Although only certain embodiments of the 

present invention have been doscribed and illustrated, 
the present invention is not limited to the features of 
these embodiments, but Includes all variations and 
modifications within the scope of the claims. 
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WE CLAIM: 
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A method for determining antiphosphollpid 
antibodies in a fluid comprising the steps of: 

(a) providing phospholipid coated particles 
coated with at least one phospholipid for 
which antibodies are to be determined; 

(b) contacting the fluid with the coated 
particles to permit binding of the 
antibodies to the particles; and 

(c) determining the antiphosphollpid 
antibodies bound to the particles. 

2 * A method in accordance with claim 1 wherein the 

15 fluid is human serum or plasma and the bound 

antiphosphollpid antibodies are determined by contacting 
the particles with a labelled reagent capable of binding 
with the antibodies and comprising a detectable label. 

20 3 * A method in accordance with claim 2 wherein 

said labelled reagent comprises a polyvalent anti-human 
immunoglobulin antiserum having a detectable label. 



25 



4 * A method in accordance with claim 2 wherein 

said labelled reagent comprises at least one anti-human 
monovalent antibody or fragment thereof directed against 
at least one immunoglobulin class. 

5 ' A method in accordance with claim 2 wherein 

3 0 *aid labelled reagent comprises anti-human IgG, anti- 
human IgK and anti-human IgA antibodies or fragments 
thereof, each of said antl-imaunoglobulln antibodies or 
fragments bearing a separately detectable label , thereby 
permitting determination of the antiphosphollpid 
35 antibodies as IgC, IgM or IgA antibodies. 



6. A =:athod in accordanca with claim 2 wherwin 

% said labelled reagent comprises anti-human IgG F(ab')i# 
anti-human igA and anti-human IgM, each bearing a 
separately detectable label, thereby permitting 
5 determination of the antiphospholipid antibodies as IgG, 
IgM or IgA antibodies. 

7. A method in accordance with claim < wherein 
said labelled reagent comprises anti-human X'j~r(ab') a - 

10 FITC, anti-human igM-phycoerythrin and anti-human igA- 
biotin, said method further comprising contacting the 
particles with avidin-Texaa red to permit binding to the 
biotin. 

15 3. > method for separately determining antibodies 

to at least two phospholipids when said antibodies are 
present in a fluid, said method comprising the steps ofs 

(a) providing phospholipid coated particles of 
at least two size classes, each of said 

20 classes of particles being coated with one 

phospholipid for which antibodies are to 
be determined; 

(b) contacting said fluid with a mixture 
comprising particles from each of said at 

25 least two classes to permit binding of the 

antibodies to the coated particles; and 

(c) determining the antiphospholipid 
antibodies bovnd to each class of 
particles. 

30 

9. A method in accordance with claim a wherein the 

fluid is human serum or plasma and the bound 
antiphospholipid antibodies are determined by contacting 
the particles with a labelled reagent capable of binding 
33 with said antibodiec and comprising a detectable label 
and determining said label separately for each class of 
particles by flow cytometry. 
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10. A method in accordance with claim 9 wherein 
particles of three size classes are provided, ths first 
class comprising particles of about 1.6 average 
diameter, the second class comprising particles of about 

5 2.9 m« average diameter, the third class comp-ising 

particle* of about 5.8 pm average diameter, and wherein 
each class of particles is coated with a different 
phospholipid selected from the group consisting of 
cardiolipin, phoaphatidylinositol, phosphatidylserine, 
10 phosphatidyl.*: acid and phosphatidylethanolamine. 

11. A method in accordance with claim 10 wherein 
■aid labelled reagent comprises anti-human IgGF(ab') 3 , 
anti-h'iman IgM and anti-human XgA, each of said anti- 

15 immunoglobulin antibodies bearing a separately detectable 
label, thereby permitting determination of the anti- 
phosphollpid. antibodies as XgC, IgM or IgA antibodies. 

12. A method for isolating from a fluid antibodies 
20 to a phospholipid said method comprising: 

(a) contacting the fluid with phospholipid 
coated particles wherein the phospholipid 
is that for which antibodies are to be 
isolated, to permit binding of the 

25 antibodies to the particles; 

(b) separating the particles from the residual 
solution; 

(c) recovering the anti-phoapholipid 
antibodies from the particles. 

30 

13. A method for producing antiphospholipid 
antibodies epeclfic to a phospholipid comprising 
providing particles treated with the phospholipid to 
permit binding of the phospholipid to the particles and 

35 Injecting the treated particlee subcutaneously into a 
suitable animal. 
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14. A method for preparing phospholipid coated 

particles comprising: 

(a) contacting particles with a solution of a 
phospholipid at an effective temperature 

5 to permit binding of the phospholipid to 

the particles; and 

(b) contacting the particles with a blocking 
agent at an effective temperature to 
permit blocking of non-specific binding 

10 aites on the particles. 

13. K method in accordance with claim 14 wherein 

the particles are polystyrene microspheres, wherein step 
(a) is carried out in the dark at a temperature in the 
15 range of about 0*C to about 4*C for about 12 hours, 

wherein the blocking agent is 10% fetal calf serum and 
wherein step (b) is carried out at about 37 »C for about 
15 to about 30 minutes. 



16. X method in accordance with claim 14 or IS and 
further comprising the step of cooling the particles to a 
temperature in the range of aoout 0»C to about 4»C. 

17. Particles coated with at least one 

25 phospholipid, said coated particles being able to bind 
specifically antibodies to said at least one 
phospholipid • 

18. Phospholipid coated particlas prepared by the 
30 method of any of claims 14 to 16 • 
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